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Abstract
We present the results of photometric observations of the mu-
tual phenomena in the system of Galilean satellites obtained during
2014-2015. The observations were performed using the 26-inch refrac-
tor, Normal Astrograph, ZA-320 telescope of the Pulkovo Observa-
tory (084) and MTM-500 telescope at Pulkovo mountain station at
Kislovodsk (C20). We made observations a total of 72 phenomena.
We had derived 51 light curves of good and medium quality for 34
events. The RMS of determining the brightness is within a range
from 0.02 to 0.19 mag, the average RMS is 0.06 mag. This work was
supported by RFBR grant (project 15-02-03025).
Introduction
Dynamical studies of the Galilean satellites require the series of accurate po-
sitional observations. An analysis of the light curves of satellites obtained
during the mutual phenomena allows us to get high-precise astrometric data
∗e-mail: deimos@gao.spb.ru
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Table 1: Telescopes, cameras and observers.
Site and
code
Telescope Camera Observers Number
of
light
curves
Pulkovo
084
26-inch refractor,
D=650 mm,
F=10413 mm
FLIProline 9000,
FOV 12′ × 12′,
scale=0.24′′/pix
Izmailov I.S. 27
Pulkovo
084
Normal
Astrograph,
D=330 mm,
F=3500 mm
SBIG STL-11K,
FOV 35′ × 23′,
scale=0.53′′/pix
Khovrichev M.Yu.,
Kulikova A.M.
8
Pulkovo
084
ZA-320,
D=320 mm,
F=3200 mm
SBIG STL-
16803,
FOV 39′ × 39′,
scale=0.6′′/pix
Gorshanov D.L.,
Petrova S.N.,
Slesarenko V.Yu.,
Naumov K.N.,
Ivanov A.V.,
Sokov E.N.,
Kupriyanov V.V.
9
Mountain
Station
(Kislovodsk)
C20
MTM-500M,
D=500 mm,
F=6520 mm
SBIG STL-
1001E,
FOV 21′ × 21′,
scale=1.2′′/pix
Lyashenko A.Yu.,
Rusov S.A.
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- differences of topocentric (in the case of mutual occultations) or heliocen-
tric (for mutual eclipses) coordinates of two satellites involved in the phe-
nomenon. Mutual phenomena in the system of Galilean satellites of Jupiter
are repeated with a period of six years and nine months. The aim of this work
is providing observational data for further analysis. Pulkovo Observatory was
taking part in the previous international campaigns of mutual phenomena ob-
servations in 1995, 1997, 2003 and 2009 (Emel’yanov et al (2011)). Pulkovo
Observatory had collect about of ten percents of all world observations dur-
ing the campaign of 2003 (Arlot et al (2009)). Recent set of phenomena
was available for observations at Pulkovo (084) and at Mountain station
near Kislovodsk (C20) from October 2014 to August 2015. Jupiter’s altitude
reached to 45 degrees in the meridian. Ephemeris of mutual phenomena were
provided by Celestial Mechanics Department of SAI MSU and presented at
the ephemeris server MULTI-SAT (Emel’yanov and Arlot (2008)).
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Figure 1: Typical light curves of several phenomena.
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1 Observations and data processing
Observations were carried out with three Pulkovo telescopes (26-inch re-
fractor, Normal Astrograph, astrograph ZA-320) and the MTM-500M tele-
scope of the Pulkovo Mountain Station near Kislovodsk (See Table 1). The
observations were performed according to the recommendations given in
Emel’yanov’s paper (Emel’yanov (2008)). Observations began in advance
before the start of phenomenon and continued for up to the duration time
after it’s end. The exposure time was varied from 0.1 s to 1 s, depending
on weather conditions and the magnitudes of satellites. No filter was used.
These CCD images were analyzed and integrated fluxes were calculated for
satellite images at the central moment of each frame. Dark current and flat
fields were taken into account by the standard way. As a result, we obtained
the ratio of satellite light flux and reference object or the difference between
magnitudes of the satellite and the reference object. We chose the satellite,
which did not involved in a phenomenon, or a background star as a refer-
ence object. To correct the background gradient due to planet’s scattered
light we calculated the background intensities using a linear model accord-
ing to expression I(x, y) = Ax + By + C. The parameters A, B and C
were determined by the least squares method using intensity value of the
pixels (I(x, y)) within the ring-shaped area around the image of the satel-
lite. Whenever possible, the Jupiter was taken out of the field of view of the
camera to minimize errors in determining the background. The least radius
of aperture was selected.
2 The results and conclusions
In a total, we performed 73 observations of 37 mutual phenomena. Fifty-
series of CCD frames of suitable quality and light curves were obtained. Some
examples of light curves are shown in Fig. 1. The values of magnitude differ-
ences were approximated by a quadratic polynomials to estimate preliminary
values of photometric precision. The standard deviations of determining the
magnitudes are ranged from 0.02 to 0.19 mag. The obtained light curves are
available at the Pulkovo database http://puldb.ru/photometry/phemu2014-2015/.
Acknowledgments
This work was supported by Russian Foundation for Basic Research (project
no. 15-02-03025).
4
References
Emel’yanov, N. V. Special program of observations of Jovian and Saturnian
satellites for 2009. Solar System Research, 42, 5, 448 (2008).
Emel’yanov N. V., Arlot J.-E. The natural satellites ephemerides facility
MULTI-SAT. Astronomy and Astrophysics. 487, 759 (2008).
Arlot J.-E., Thuillot W., Ruatti C. et al, The PHEMU03 catalogue of ob-
servations of the mutual phenomena of the Galilean satellites of Jupiter.
Astronomy and Astrophysics, 493, 3, 1171 (2009).
Emelyanov N. V., Andreev M. V., Berezhnoi A. A. et al Astrometric results of
observations at Russian observatories of mutual occultations and eclipses
of Jupiter’s Galilean satellites in 2009. Sol. Sys. Research, 45,3, 264 (2011).
5
